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© A method and an arrangement for the detection of ionizing current in the ignition system of an internal combustion engine. 

@ The invention relates to a method and an arrangement for 
detecting ionizing current in an ignition circuit (32, 33) 
incorporated in the ignition system of an internal combustion 
engine, in which a measuring voltage is applied to the ignition 
circuit (32, 33) in at least one secondary winding (30, 31), and in 
which a measuring device (29) is used to detect the possible 
presence of an ionizing current In the ignition circuit (32, 33). 

A normal problem existing when measuring ionizing currents 
is that the spark plugs become coated with soot deposits, as a 
result of the electrical voltage field which always exists between 
the electrodes of respective plugs. This problem is particularly 
troublesome during an engine start sequence, since the 
deposits can prevent the engine from starting. The invention 
solves this problem, essentially by applying solely a low 
measuring voltage during an engine start sequence, or 
alternatively no measuring voltage at all, and by applying a high 
measuring voltage subsequent to the engine start. 
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measuring voltage to a higher level of which the 
presence of ionizing currents can be detected in a 
known manner. 

The invention thus enables the advantages af- 
forded by an ionizing current measuring process 
while eliminating the drawbacks which such measur- 
ing processes create during an engine start. 

Further characteristic features of the invention will 
be apparent from the following claims and also from 
the following description of an exemplifying embodi- 
ment of the invention made with reference to the 
accompanying drawing, in which the solitary figure 
illustrates schematically a capacitive ignition system 
which is provided with an inventive arrangement for 
the detection of an ionizing current. 

The ignition system illustrated principally in the 
figure is a capacitive type system used in conjunc- 
tion with multicylinder Otto-cycle engines, although 
only two of the spark plugs 2, 3 serving respective 
cylinders are shown on the drawing. Thus, the 
ignition circuit includes a charging circuit 4, to which 
voltage is supplied from a low voltage source 5, e.g. 
a 12V battery. The voltage on the circuit 4 is 
transformed to a high voltage of about 400 V. This 
high voltage is then applied to a line 10 which is 
connected to a line 11 which incorporates an 
earthed charging capacitor 15. This capacitor, which 
is thus charged to a voltage of about 400 V, is 
connected through the line 10 with parallel-coupled 
primary windings 12, 13 of a number of ignition coils 
corresponding to the number of cylinders in the 
engine. Each primary winding 12,13, is connected in 
a respective line 20, 21. which are earthed through a 
respective thyristor 22 and 23. The thyristors 22, 23 
are, capable of opening the earthing connection 20, 
21 of respective primary windings 12, 13, via signals 
on lines 24, 25 extending from an ignition pulse 
triggering unit 6 - hereinafter called the trigger unit. 
The trigger unit 6 produces output signals in 
response to input signals appearing on lines 7, 8, 9, 
6. These input signals relate to engine speed, engine 
load, the angular position of the crankshaft, and 
engine temperature, and are processed in a micro- 
computer-based system incorporated in the unit 6. 
When the earth connection of the primary windings 
12, 13 opens upon receipt of a trigger signal from the 
thyristor 22 or the thyristor 23, the capacitor 15 is 
discharged to earth through the line 20 or the line 21 . 
Consequently, the primary winding concerned will 
induce a high ignition voltage (about 40 kV) in a 
corresponding secondary winding 30 or 31. Each 
secondary winding forms part of a respective 
ignition circuit 32 or 33 which delivers ignition 
voltage to the spark plug 2 or 3, for ignition of the 
fuel-air mixture supplied to the combustion chamber 
concerned. 

One, negative end of respective secondary wind- 
ings 30, 31 is connected with the central electrode of 
respective plugs 2, 3, this electrode thus receiving a 
first negative ignition pulse so as to generate a spark 
between said electrode and the earthed electrode 
body of the spark plug. The other, positive end 34 
and 35 of respective secondary windings 30, 31 is 
earthed through a line 36 and a measuring device 29 
incorporated therein. This measuring device in- 



cludes, inter alia, a measuring capacitor 40 which is 
connected in series with three parallel-coupled lines 
37, 38, 39, each of which consolidates the earth 
connection and which also co-act with a detector 

5 unit 50 included in the measuring device 29. 

The voltage produced in the charging circuit 4 is 
utilized to charge the charging capacitor 15. The 
same voltage is utilized in a voltage divider compris- 
ing two resistors 60, 61 which are connected in 

10 series between the charging circuit 4 and earth. The 
resistances of the resistors 60, 61 are selected so 
that a constant voltage of about 70 V is obtained at a 
connection point 62 therebetween. The connecting 
point 62 is connected to the line 36 through which 

15 voltage is applied to the measuring capacity 40, via a 
line 14 which includes a diode 16. The connection 
point 62 is also connected to earth via a transistor 
63, whose base is connected to the trigger unit 6. 
Of the lines 37, 38, 39 leading to earth and 

20 connected to the capacitor 40, the line 37 incorpor- 
ates a Schottky-diode 27 whose cathode is con- 
nected to the capacitor 40 and the anode connected 
to earth. The line 38 includes three series-connected 
resistors 41, 42, 43, of which the last mentioned is 

25 connected directly to earth. The line 39 includes a 
diode 45, the cathode of which is connected to a 
voltage stabilizer 46 which functions as a low voltage 
source and which is connected to earth over a line 
44. The stabilizer 46 also has a connection 47 to the 

30 low voltage source 5, which also serves the charging 
circuit 4. 

Connected between the resistors 41, 42 is a line 
49 which also connects with the voltage stabilizer 46, 
there being effected between the resistors 42, 43 a 
35 transfer of voltage to the detector unit 50, over a line 
51. The line 51 carries a reference voltage to the 
detector unit 50, whereas a line 52 carries to the 
detector unit 50 the voltage present between the 
capacitor 40 and the resistor 41 , this value being the 
40 true voltage value. A comparison between the 
reference value on the line 51 and the true or real 
value on the line 52 is made in a comparator (not 
shown) included in the detector unit 50. 
The detector unit 50 is also supplied with a signal 
45 on a line 53 extending from a measurement window 
unit 17. This unit receives from the trigger unit 6 on a 
line 18 an input signal relating to the time for 
triggering the ignition pulse, and on line 19 an input 
signal which relates to the prevailing angular position 
50 of the crankshaft. The output signals of the unit 17 
on the line 53 represent the angular ranges of the 
crankshaft, so-called measurement windows, over 
which the detector unit 50 shall operate in order to 
establish whether ionizing current flows in the 
55 ignition circuit 32 and 33 respectively or not. Thus, 
the detector unit 50 produces on lines 54, 55 output 
signals which represent either the detection or 
non-detection of ionizing current in different win- 
dows 

60 The described arrangement operates in the 
following manner. A start sequence is commenced 
by applying a voltage to the system, via a manually 
actuable ignition lock, not shown. Subsequent 
hereto, the trigger unit 6 receives signals on the lines 

65 7, 9, 64, these signals being delivered to a 
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line 51 will result in a change in the detector unit 
output signal on the output lines 54, 55 of said unit, 
provided that a comparison has actually taken place. 
The measuring window signal on the line 53 
determines when the comparison is carried out. This 
signal is a square-wave signal which when high is 
said to present a window which permits the detector 
unit 50 to carry out said comparison. 

The inventive solution is utilized to determine 
when combustion takes place in a given cylinder 
subsequent to an engine start. This information is 
then used as a starting point in the microcomputer 
system of the trigger unit 6 for calculating the 
correct order in which subsequent ignition pulses 
are sent to remaining cylinders. This is effected in a 
known manner, disclosed in our aforementioned 
Swedish Patent Specification SE 442 345. Since 
detailed knowledge of the manner in which this 
correct order is achieved is not necessary in order to 
obtain an understanding of the present invention, it 
will not be described in detail here. 

A measuring voltage which is higher than the 
voltage of 70 V mentioned above can be used, by 
selecting other resistance values for the resistors 
60, 61 of the voltage divider. For example, the 
measuring voltage may instead be 400 V. In addition 
to identifying normal combustion processes, a 
measuring voltage of such high value will also enable 
abnormal combustion processes to be identified 
reliably, preferably knocking and premature ignition. 
In this case a positive measuring voltage of 400 V 
occurs in the ignition circuits during the whole of the 
revolution of the crankshaft. The measuring process 
in other respects is effected in a known manner, 
such as that described in detail in the aforemen- 
tioned SE 442 345. 

Similarly to that previously described, the higher 
measuring voltage of 400 V can also be used for 
indicating, at the same time, normal combustion 
processes for cylinder identification. 

The invention can also be utilized, within the 
scope of the following claims, in ignition systems 
other than that described in the aforegoing. The 
illustrated and described exemplifying embodiment 
includes an ignition system for two cylinders. It will 
be understood, however, that the invention can also 
be applied with engines having four cylinders or with 
any desired number of cylinders. Similar to that 
which is described in detail in the aforementioned 
Swedish Patent Specification 442 345, there can be 
used in the case of a four-cylinder engine two 
measuring devices each being used for two cylin- 
ders. In accordance with a further, alternative 
variant, one measuring device can be used for each 
cylinder. 

Although the invention has been exemplified with 
reference to a capacitive ignition system, it will be 
understood that the invention can also be applied 
with an inductive ignition system. 

In the case of the illustrative embodiment a 
constant measuring voltage is utilized during a start 
sequence and another measuring voltage is used 
after the start sequence. In the case of alternative 
embodiments it is conceivable to divide both the 
start sequence and that which occurs afterwards 



into further sequences or processes. For example, a 
first high measuring voltage can be applied immedi- 
ately subsequent to the start sequence and a still 
higher voltage can be applied when the engine 
5 speed or engine temperature exceed values far 
above those values which correspond to the start 
sequence. 

In the case of the illustrated embodiment several 
electronic units are shown as separate components. 

10 In practice, several components may advant- 
ageously comprise one and the same electronic 
component having the same functions as those 
recited in the description. Thus, several of the 
components may be included in a microprocessor or 

15 microcomputer. 

When reference is made in the claims to the 
sensing and the transmission of signals, this is 
assumed to include all manners of signal trans- 
mission in practice. 

20 It will be obvious to one of normal skill in this art 
that the invention can be realized in other alternative 
forms. 
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Claims 



1. A method for detecting ionizing current in an 
30 ignition circuit (32, 33) forming part of the ignition 

system of an internal combustion engine, in which 
method a measuring voltage is applied to the ignition 
circuit (32, 33) in at least one secondary winding (30, 
31), and in which a measuring device (29) is used to 

35 detect the possible presence of ionizing current in 
the ignition circuit, characterized in that a parameter 
representing an engine start sequence is detected; 
that when an engine start sequence is detected a 
first substantially constant measuring voltage is 

40 applied, alternatively that no measuring voltage is 
applied; 

that when detection of the engine start sequence is 
terminated, a second, substantially constant 
measuring voltage is applied; and 
45 that the first measuring voltage is lower than the 
second measuring voltage. 

2. A method according to Claim 1 , characterized 
by applying during the engine start sequence a 
measuring voltage which is lower than a value at 

50 which ionizing current detection is possible; and by 
applying, subsequent to said engine start sequence, 
a measuring voltage having a value at which ionizing 
current detection is possible. 

3. A method according to Claim 1, characterized 
55 by applying, during the engine start sequence, a 

measuring voltage which is substantially equal to 0 
volt; and by applying, subsequent to said engine 
start sequence, a measuring voltage which exceeds 
70 volts. 

60 4. A method according to Claim 1 , characterized in 
that the engine start sequence is detected by means 
of a signal representing the engine speed, said start 
sequence existing when the engine speed lies 
beneath a given pre-determined value; and in that 

65 the engine start sequence ends when the engine 
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